Hubble constant. Assuming that the galaxies have always been moving apart, 
the age of the universe (T) can be estimated, Le. T = 1/H, On this basis the age 
of the universe would be between 15-18 billion years. 


The origin of the universe 

This view of the origin of the universe is called the big-bang theory. The 
theory suggests that the universe originated as a minute but very hot body and 
that the temperature has been falling as the expansion has continued. In 1945 
George Gamow predicted that there should be a *microwave background 
corresponding to a black-body temperature a few degrees above absolute zero. 
This microwave background was discovered 20 years later, The big-bang theory 
also explains the amount of helium in the universe. 

In 1992, the COBE satellite discovered that there were very small variations 
in the microwave background. This discovery helped to explain why the 
universe formed into galaxies and stars. The non-uniformities that began the 
nucleation of galactic matter in the early universe now appear as the small 
variations in the microwave background. 


Fundamental forces 

It is thought that the four *fundamental interactions in the universe are all 
manifestations of the same force, This force existed when the big bang, 
occurred at a temperature above 101%K. As the universe cooled the forces 
separated as the original symmetries were broken. Gravity was the first to 
separate, followed by the strong nuclear force, and the weak and 
electromagnetic forces (see table). 


Time from big bal 
O second : 


Temperature (K) State of the universe/forces 

infinite The universe is infinitesimally 
small and infinitely dense (i.e. a 
mathematical singularity). 


10712 second 105 Weak and electromagnetic forces 
begin to separate. 

10€ second 1014 Quarks and leptons begin to form. 

1073 second 1012 Quarks form the hadrons; quark 
confinement begins. 

10? second 107 Helium nuclei formed by fusion. 

10° years 10% ‚Atomic era; atoms form as 

oe protons combine with electrons. 
10° years = 10° Matter undergoes gravitational 
ae collapse. © 


5-1.8 x 107° year: 7 Present day: cosmic background 


corresponds to about 2.7K. 


The future 

Research into the future of the universe is clearly speculative. Whether the 
universe will continue to expand indefinitely depends on its mean density. 
Below a critical level (the critical density), gravitational attraction will not be 
enough to stop the expansion. However, if the mean density is above the 
critical density the universe is bound and an eventual contraction will occur 
resulting in a big crunch. This may precede another big bang initiating the 
whole cycle again. 


